Strength Degradation of Mechanical Properties of Unidirectional E- Glass Fiber Epoxy Resin Nanoclay Composites under Hygrothermal Loading Conditions  by Singh, S.K. et al.
 Procedia Materials Science  5 ( 2014 )  1114 – 1119 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
doi: 10.1016/j.mspro.2014.07.405 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHVLQ0DQXIDFWXULQJDQG0DWHULDOV(QJLQHHULQJ
$00(
6WUHQJWK'HJUDGDWLRQRI0HFKDQLFDO3URSHUWLHVRI8QLGLUHFWLRQDO(
*ODVV)LEHU(SR[\ 5HVLQ1DQRFOD\&RPSRVLWHVXQGHU+\JURWKHUPDO
/RDGLQJ&RQGLWLRQV
6.6LQJKD 66LQJKD66KDUPDD96KDUPDE
D'HSDUWPHQW RI0HFKDQLFDO(QJLQHHULQJ1,7.XUXNVKHWUD.XUXNVKHWUD+DU\DQD,QGLD
E'HSDUWPHQW RI0HWDOOXUJLFDODQG0DWHULDOV6FLHQFH,,75RRUNHH5RRUNHH8WWDUDNKDQG,QGLD
$EVWUDFW
*ODVV ILEHU UHLQIRUFHG SRO\PHU *)53 SOD\V D YLWDO UROH LQPDQ\ LQGXVWULHV EHFDXVH RI LWV KLJK VWUHQJWK WRZHLJKW UDWLR ,WV
VWUHQJWKSURSHUWLHVDUHVRPHZKDWORZHUWKDQ FDUERQILEUH DQGLWLVOHVVVWLIIDQGEULWWOH8VLQJJODVVILEUHLQLQGXVWULHVEHFDXVHRI
LWVUDZPDWHULDOLVPXFKOHVVH[SHQVLYHZLWKFRPSDUHWRRWKHUPDWHULDOV ,QWKHSUHVHQWZRUNWKHHSR[\UHVLQZDVPRGLILHGXVLQJ
QDWXUDOPRQWPRULOORQLWH &ORVLWH%ZWZWZWQDQRFOD\LVXVHGZLWK(JODVVXQLGLUHFWLRQDOILEHUWRPDQXIDFWXUH
ILEHU UHLQIRUFHG QDQRFRPSRVLWH XVLQJ KDQG  OD\XS PHWKRG 7KUHH GLIIHUHQW W\SHV RI ILEHU UHLQIRUFHG QDQRFRPSRVLWHV DUH
IDEULFDWHGXVLQJZWQDQRFOD\ZWQDQRFOD\DQGZWQDQRFOD\ZLWKZWILEHUHSR[\UHVLQDQGKDUGHQHU7KHHSR[\
UHVLQDQGKDUGHQHUDUHPL[HGLQZHLJKWUDWLRV7KUHHGLIIHUHQWWHVWWHQVLOHWHVWKDUGQHVVWHVWDQGIOH[XUDOWHVWZHUHPHDVXUHG
WKURXJKXVLQJPHFKDQLFDOWHVWLQVWUXPHQWV7KHPHFKDQLFDOWHVWVKRZVWKDWWKHWHQVLOHDQGIOH[XUDOVWUHQJWKIRUZWQDQRFOD\
FRPSRVLWHLVPRUHFRPSDUHGWRZWDQGZWQDQRFOD\FRPSRVLWH7RLPSURYHWKHIOH[XUDODQGWHQVLOHSURSHUWLHVDUHDQG
UHVSHFWLYHO\E\DGGLQJZWRIQDQRFOD\0LFURKDUGQHVVWHVWIRUZWRIQDQRFOD\FRPSRVLWHLVKLJKHUFRPSDUHWRZW
DQGZWQDQRFOD\FRPSRVLWHDQGIXUWKHULQFUHDVHEH\RQGZWQDQRFOD\KDUGQHVVVWDUWGHFUHDVLQJ)XUWKHUFKHFNGXUDELOLW\WKH
VSHFLPHQZHUH LPPHUVHG LQZDWHU DQG1D2+ EDWKV XQGHU DFFHOHUDWHG K\JURWKHUPDO ORDGLQJ IRU  GD\V'XH WR DFFHOHUDWHG
K\JURWKHUPDO ORDGLQJ LW LV REVHUYHG WKDW WKH PHFKDQLFDO SURSHUWLHV GHJUDGDWLRQ LQ 1D2+ HQYLURQPHQW ZDV PRUH VHYHUH DV
FRPSDUHGWRVLPSOHZDWHU
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV 8QLGLUHFWLRQDO(*ODVV)LEHU(SR[\5HVLQ1DQRFOD\+DUGHQHU
&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVVDQLQGLD#JPDLOFRP
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
1115 S.K. Singh et al. /  Procedia Materials Science  5 ( 2014 )  1114 – 1119 
,QWURGXFWLRQ
)LEHU UHLQIRUFHGSRO\PHU)53LVRQHRIWKHIDVWHVWJURZLQJFODVVHVRIWKHWKHUPRVHWSODVWLFV7KHJURZWKRIJODVV
ILEHU LVDWWULEXWHGWRLWVORZFRVWORZGHQVLW\DQGKLJKKHDWGLVWRUWLRQWHPSHUDWXUH7KHVHPDWHULDOVKDYHEHFRPHWKH
DOWHUQDWLYHRIFRQYHQWLRQDOVWUXFWXUDOPDWHULDOVVXFKDVVWHHOZRRGRUPHWDOVLQPDQ\DSSOLFDWLRQV 7KHDSSOLFDWLRQ
RI JODVV ILEHU UHLQIRUFHG SRO\PHU FRPSRVLWHV DUH FDU LQGXVWU\PDULQH LQGXVWULHV DLUFUDIW IDEULFDWLRQ ZLQG SRZHU
SODQWHWF:HDUHHQWHULQJ LQ WR WKHJDWHZD\RI QH[WJHQHUDWLRQ³QDQRWHFKDQJH´ZKHUHVPDOOHUDQGVKRUWHU WKLQJV
ZLOOSOD\DELJUROH1DQRWHFKQRORJ\ZLOOILQGLWVDSSOLFDWLRQLQHQHUJ\PHGLFLQHHOHFWURQLFVFRPSXWLQJVHFXULW\
DQGPDWHULDOVFLHQFHV HWF1DQRFOD\ LV WKHPRVW FRPPRQO\ XVHG WRRO IRU WKH SUHSDUDWLRQ RI QDQRFRPSRVLWHV 7KH
QDQRFOD\ LVXVHRIVPHFWLWH IDPLO\DQGJURXSVRIVDSRQLWHKHFWRULWHDQG0RQWPRULOORQLWHDUH WKHPRVWFRPPRQO\
XVHGPRQWPRULOORQLWH OD\HUHG VLOLFDWHV /D\HUHG VLOLFDWH QDQRILOOHUV KDYH SURYHG WR WULJJHU D WUHPHQGRXV SURSHUW\
,PSURYHPHQWRIWKHSRO\PHUVLQZKLFKWKH\DUHGLVSHUVHGE\XVLQJPRWRUVLUUHUDQGWKHQXOWUDVRQLFDWLRQIRUJLYLQJ
VRXQGHQHUJ\WRWKHHSR[\PDWUL[7KRVHPHFKDQLFDOSURSHUWLHVDODUJHLQFUHDVHLQWHQVLOHDQGIOH[XUDOVWUHQJWKRI
QDQRFRPSRVLWHVDWILOOHUFRQWHQWVVRPHWLPHVDVORZDVZWKDVGUDZQDORWRIDWWHQWLRQ7KHQHZPDWHULDOVKDYH
DOVR EHHQ VWXGLHG DQG LWV DSSO\ IRU WKHLU VXSHULRU EDUULHU SURSHUWLHV DJDLQVW JDV DQG YDSRXU WUDQVPLVVLRQ 7KH
FRPSRVLWHPDWHULDO GHSHQGLQJRQ WKH W\SHRI SRO\PHULFPDWUL[ WKH\ FDQ DOVRGLVSOD\ LQWHUHVWLQJSURSHUWLHV LQ WKH
IUDPHRI LRQLF FRQGXFWLYLW\RU WKHUPDO H[SDQVLRQ FRQWURO$GGLWLRQRI  YHU\ OHVV DPRXQWVRI QDQRFOD\ LQWR HSR[\
PDWUL[IRULPSURYLQJWKHPRLVWXUHEDUULHUSURSHUWLHVWHQVLOHVWUHQJWKDQGIOH[XUDOVWUHQJWKKDUGQHVVWRXJKQHVVDQG
LPSDFW SURSHUWLHV )RU PDQXIDFWXULQJ ILEHU UHLQIRUFHG SRO\PHU QDQRFRPSRVLWHV WKH GLVSHUVLRQ RI QDQRFOD\ LQWR
HSR[\ UHVLQ XVLQJ PRWRU VWLUULQJ DQG WKHQ JLYH WKH VRXQG HQHUJ\ E\ XOWUDVRQLFDWLRQ 7KH RUJDQLFDOO\ PRGLILHG
SRO\PHUPDWUL[ LV WKHQUHLQIRUFHGZLWKILEHUVWRPDQXIDFWXUHILEHUQDQRFOD\K\EULGFRPSRVLWHVXVLQJFRQYHQWLRQDO
FRPSRVLWHPDQXIDFWXULQJPHWKRGV7R LPSURYLQJPHFKDQLFDOSURSHUWLHVRISRO\PHUXVLQJYDULRXV NLQGV RIILOOHUV,W
LV QRZ ZHOO UHFRJQL]HG WKDW WKH XVH RI LQRUJDQLF ILOOHUV LV D XVHIXO WRRO IRU LPSURYLQJ PHFKDQLFDO SURSHUWLHV RI
SRO\PHU E\ 'DYDOOR HW DO  7KH SRO\PHU QDQR FRPSRVLWHV 31& DUH QRZ SUHSDUHG E\ GLIIHUHQW PHWKRGV
QDPHO\ %UDEHQGHUPL[HUDQG+DQGPL[LQJ31&VDUHDOVRPDGHXVLQJ D ODUJHYDULHW\RI WKHUPRSODVWLFSRO\PHUV
7KRXJK ILEHU UHLQIRUFHG QDQRFRPSRVLWHV KDYH EHHQ LQYHVWLJDWHG E\PDQ\ UHVHDUFKHUV D FRPSUHKHQVLYH VWXG\ RQ
HIIHFW RI QDQRFOD\ DGGLWLRQ RQPHFKDQLFDO SURSHUWLHV RI ILEHU UHLQIRUFHGQDQRFOD\ K\EULG FRPSRVLWHV VXEMHFWHG WR
K\JURWKHUPDOFRQGLWLRQVKDVQRWEHHQSHUIRUPHGVRIDU7KHSUHVHQWZRUNLVWKXVIRFXVHGRQLQYHVWLJDWLQJWKHHIIHFW
RI QDQRFOD\ DGGLWLRQ LQ GLIIHUHQW SURSRUWLRQV RQPHFKDQLFDO SURSHUWLHV RI ILEHU UHLQIRUFHG HSR[\ FRPSRVLWHV DQG
GHJUDGDWLRQLQPHFKDQLFDOSURSHUWLHVRIILEHUQDQRFOD\HSR[\K\EULGQDQRFRPSRVLWHVXQGHUK\JURWKHUPDOFRQGLWLRQV
E\ 6HOYDNXPDU HW DO 
([SHULPHQWDO3URFHGXUH
8QLGLUHFWLRQDO(JODVVILEHU DQG0%UDFHDWZRSDUWHSR[\UHVLQSXUFKDVHGIURP 1DY%KDUDW$JHQFLHV -DODQGKDU
3XQMDE1DWXUDO0RQWPRULOORQLWH0RGLILHG&ORVLWH%SXUFKDVHGIURP,QWHOOLJHQW0DWHULDOV3YW/WG7KHGHQVLW\
RIWKHPDWLVJP7KHILEUHFRQWHQWLQWKHWKUHHFRPSRVLWHVDUHZWRIWRWDOZHLJKWRIWKHFRPSRVLWH7KH
HSR[\UHVLQXVHGIRUWKLVLQYHVWLJDWLRQLV'LJO\FLGO(WKHURI%LVSKHQRO $ '*(%$DQG+DUGHQHUSRO\DPLQH7KH\
DUHPL[HGLQZHLJKWUDWLRV7KHHSR[LHVLQWKHWKUHHFRPSRVLWHVDUHZWZWDQGZWRIWRWDOZHLJKW
RIWKHFRPSRVLWH1DQRFOD\ZDVDGGHGWRHSR[\UHVLQLQGLIIHUHQWZHLJKWSHUFHQWDJHRIUHVLQDQG7KH
PRGLILHGHSR[\ZDVWKHQUHLQIRUFHGZLWKJODVVILEUHVWRPDQXIDFWXUH)LEUHUHLQIRUFHGSRO\PHUQDQRFRPSRVLWHV
&RPSRVLWHV3UHSDUDWLRQ
7KH FRPSRVLWHPDWHULDO XVHG IRU WKLV VWXG\ LV SUHSDUHG E\ KDQG OD\XSPHWKRG LQ )LJ 7KH HSR[\ UHVLQZDV
FRQWLQXRXVO\ WKURXJKPRWRUVWLUUHUDQGKHDWHG LQDQRLOEDWKIRUKPDLQWDLQHGFRQVWDQW WHPSHUDWXUH &RIRLO
EDWK WKURXJKYROWDJH UHJXODWRU1DQRFOD\ LQGLIIHUHQWSURSRUWLRQVZDVDGGHGVORZO\ WR UHVLQDQG WKHQVWLUULQJZDV
GRQHIRUK$IWHUPHFKDQLFDOVWLUULQJPRGLILHGHSR[\VROXWLRQFRQWDLQHUZDVSODFHGLQWRWKHXOWUDVRQLFDWLRQEDWK
IRUJLYH WKH VRXQGHQHUJ\6RQLFDWLRQFDQEHXVHG WRGLVSHUVHQDQRSDUWLFOHV LQ OLTXLGVE\EUHDNLQJ LQWHUPROHFXODU
LQWHUDFWLRQV$IWHUPHFKDQLFDOVWLUULQJRIWKHHSR[\VROXWLRQFRQWDLQHUZDVSODFHGLQWRWKHXOWUDVRQLFDWLRQEDWKIRUXS
WRKRXUV$IWHUVRQLFDWLRQWKHVROXWLRQZDVPL[HGZLWKWKHKDUGHQHUDQGVWLUULQJXSWRWRPLQZDVGRQH$IWHU
1116   S.K. Singh et al. /  Procedia Materials Science  5 ( 2014 )  1114 – 1119 
WKLVWKHPL[WXUHZDVDSSOLHGWRILEUHVKHHWRQRQHVLGHVXVLQJKDQGOD\XSDQGOHIWKIRUGU\LQJDQGWKHQDJDLQDIWHU
KWKHPL[WXUHZDVDSSOLHGRQDQRWKHUVLGH7KHODPLQDVZHUHFXUHGE\OHDYLQJWKHPXQGHUDPELHQWWHPSHUDWXUH
IRUVHYHQGD\V$QGDIWHUVHYHQGD\VWKHFRPSRVLWHPDWHULDOZLOOUHDG\IRUWHVWLQJPHFKDQLFDOSURSHUWLHV
)LJ+DQG/D\8S0HWKRG
5HVXOWVDQG'LVFXVVLRQ
7KUHHSRLQWEHQGLQJWHVWUHVXOWVSHUIRUPRQ)53VSHFLPHQVDUHVKRZQLQ)LJXUH DLWLQGLFDWHVWKDWWKHIOH[XUDO
VWUHQJWKLQFUHDVHVIURPWKHZWQDQRFOD\FRPSRVLWHWRZWQDQRFOD\FRPSRVLWHDQGWKHQGHFUHDVHVZLWKIXUWKHU
DGGLWLRQ RI QDQRFOD\ 7KH IOH[XUDO VWUHQJWK RI ZW QDQRFOD\ FRPSRVLWH LV WKH PD[LPXP DPRQJ WKH WKUHH
FRPSRVLWHV)RUILQGLQJFKDQJHLQKDUGQHVVYDOXHVPHDVXUHPHQWVZHUHWDNHQ DWSRLQWVRQHDFKVSHFLPHQIURPWKH
UHVXOWV RI KDUGQHVV WHVW LW LV REVHUYHG WKDW WKH KDUGQHVV LQFUHDVHV ZLWK LQFUHDVH LQ QDQRFOD\+RZHYHU IXUWKHU
LQFUHDVH LQZW QDQRFOD\ KDUGQHVV VWDUWV GHFUHDVLQJ 7KHPD[LPXP KDUGQHVV ZDV REVHUYHG IRU ZW QDQRFOD\
FRPSRVLWH7KHUHVXOWVDUHVKRZQLQ)LJXUH E
D E
)LJD)OH[XUDOVWUHQJWKRI)53QDQRFRPSRVLWHVDQGE+DUGQHVVYDOXHV
7HQVLOH WHVWVZHUHFDUULHGRXWRQDPLQLPXPRI WKUHH VSHFLPHQVFRQWDLQLQJ VDPHDPRXQWRIFOD\DFFRUGLQJ WR
$670' XVLQJ =ZLFN5RHOO XQLYHUVDO WHVWLQJ PDFKLQH:LWK WKH DGGLWLRQ RI QDQRFOD\ WKH YDOXH RI WHQVLOH
VWUHQJWKLQFUHDVHGIRUFOD\ORDGLQJXS WRZWDQGWKHQLWGHFUHDVHG)LJXUHD$GHFUHDVHLQSHUFHQWHORQJDWLRQ
ϳϬ
ϭϱϮ
ϭϱϳ
ϲϬ
ϴϬ
ϭϬϬ
ϭϮϬ
ϭϰϬ
ϭϲϬ
ϭ ϯ ϱ
&ů
Ğǆ
Ƶƌ
Ăů
^
ƚƌ
ĞŶ
Őƚ
Ś
;D
WĂ
Ϳ
EĂŶŽĐůĂǇĐŽŶƚĞŶƚ;ǁƚйͿ
Ϯ͘ϳϯϰϬϯ
ϯ͘ϬϯϮϮϭ
Ϯ͘ϰϱϴϭϳ
Ϯ͘Ϯ
Ϯ͘ϯ
Ϯ͘ϰ
Ϯ͘ϱ
Ϯ͘ϲ
Ϯ͘ϳ
Ϯ͘ϴ
Ϯ͘ϵ
ϯ
ϯ͘ϭ
ϭ ϯ ϱ
,
Ăƌ
ĚŶ
ĞƐ
Ɛs
Ăů
ƵĞ
;
,
ǀͿ
EĂŶŽĐůĂǇĐŽŶƚĞŶƚ;ǁƚйͿ
1117 S.K. Singh et al. /  Procedia Materials Science  5 ( 2014 )  1114 – 1119 
ZDVIRXQGZLWKWKHLQFUHDVHLQFOD\FRQWHQWZKLFKLQGLFDWHVWKDWWKHEULWWOHQHVVRIPDWUL[LQFUHDVHGZLWKLQFUHDVHLQ
FOD\ORDGLQJ
DE
)LJD7HQVLOHVWUHQJWK 03DRI)53QDQRFRPSRVLWHVDWGLIIHUHQWFOD\ORDGLQJVESHUFHQWDJHHORQJDWLRQ
)RUFDUU\LQJRXW WKHGXUDELOLW\ VWXGLHVVSHFLPHQZHUHGLSSHG LQDZDWHUEDWKPDLQWDLQHGDW &DQGD1D2+
VROXWLRQ EDWK PDLQWDLQHG DW  & IRU D SHULRG RI RQH PRQWK 7KH OLTXLG ZKLFK HYDSRUDWHG IURP WKH WDQN ZDV
UHSOHQLVKHGRQGDLO\EDVLVGXULQJH[SHULPHQWDWLRQ%HIRUHWHVWLQJWKHVSHFLPHQVZHUHWDNHQRXWDQGGULHGZLWKWKH
KHOSRIFORWKDQGNHSWLQDPELHQWHQYLURQPHQW7KHWHQVLOHVWUHQJWKDQGIOH[XUDOVWUHQJWKPHDVXUHPHQWVZHUHWDNHQ
WRXQGHUVWDQGWKHHIIHFWRIKLJKWHPSHUDWXUHDQGPRLVWFRQGLWLRQVRQWKHVHSURSHUWLHV
D E
)LJ7HQVLOH6WUHQJWKGHJUDGDWLRQYHUVXVWLPHDLQZDWHUEDWKELQ1D2+EDWK
)LJXUH VKRZVWKHHIIHFWRIFOD\ORDGLQJRQWHQVLOHVWUHQJWKRIVDPSOHVLPPHUVHGLQZDWHUEDWKDQG1D2+EDWK
7KH WHQVLOHVWUHQJWKRIDOOVSHFLPHQV GHFUHDVHGZLWK WLPHEXW LQVDPSOHVFRQWDLQLQJFOD\ WKHGHFUHDVHZDV OHVV LQ
FRPSDULVRQ WR VSHFLPHQVZLWKRXWQDQRFOD\ ,WFDQEH VHHQ WKDW LQ VSHFLPHQZLWKZWQDQRFOD\ WKHGHJUDGDWLRQ
ZDV OHDVW DV FRPSDUHG WR RWKHU VSHFLPHQV ,W LV REVHUYHG WKDW LQ VSHFLPHQ LPPHUVHG LQ ZDWHU WKH VWUHQJWK
Ϯϱϯ
ϮϵϮ
Ϯϱϲ͘ϱ
ϮϰϬ
ϮϱϬ
ϮϲϬ
ϮϳϬ
ϮϴϬ
ϮϵϬ
ϯϬϬ
ϭ ϯ ϱ
dĞ
ŶƐ
ŝůĞ
^
ƚƌ
ĞŶ
Őƚ
Ś
;D
WĂ
Ϳ
EĂŶŽĐůĂǇĐŽŶƚĞŶƚ;ǁƚйͿ
Ϯ͘ϰϱ
Ϯ͘ϭϱ
Ϯ͘Ϭϱ
Ϯ
Ϯ͘ϭ
Ϯ͘Ϯ
Ϯ͘ϯ
Ϯ͘ϰ
Ϯ͘ϱ
ϭ ϯ ϱ
WĞ
ƌĐ
ĞŶ
ƚ
ůŽ
ŶŐ
Ăƚ
ŝŽ
Ŷ
EĂŶŽĐůĂǇĐŽŶƚĞŶƚ;ǁƚйͿ
ϭϱϬ
ϭϳϬ
ϭϵϬ
ϮϭϬ
ϮϯϬ
ϮϱϬ
ϮϳϬ
ϮϵϬ
ϯϭϬ
Ϭ ϭϱ ϯϬ
dĞ
ŶƐ
ŝůĞ
^
ƚƌ
ĞŶ
Őƚ
Ś
;D
WĂ
Ϳ
EƵŵďĞƌŽĨĚĂǇƐ
ϭǁƚй
ϯǁƚй
ϱǁƚй
Ϭ
ϱϬ
ϭϬϬ
ϭϱϬ
ϮϬϬ
ϮϱϬ
ϯϬϬ
ϯϱϬ
Ϭ ϭϱ ϯϬ
dĞ
ŶƐ
ŝůĞ
^
ƚƌ
ĞŶ
Őƚ
Ś
;D
WĂ
Ϳ
EƵŵďĞƌŽĨĚĂǇƐ
ϭǁƚй
ϯǁƚй
ϱǁƚй
1118   S.K. Singh et al. /  Procedia Materials Science  5 ( 2014 )  1114 – 1119 
GHJUDGDWLRQLVPRUHVHYHUHGXULQJDWLPHSHULRGRIWRGD\VZKHUHDVLQVDPSOHVLPPHUVHGLQ1D2+EDWKWKH
GHJUDGDWLRQZDVPRUHLQILUVWGD\V
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RIZHLJKWRIUHVLQ)RUWKHSURFHVVLQJRIHSR[\QDQRFOD\PHFKDQLFDOVWLUULQJDQGXOWUDVRQLFDWLRQZDVGRQH%HWWHU
LQWHUFDODWLRQRIFOD\ LQHSR[\ZDVREVHUYHG LQ VDPSOHVZLWKDQGZWFOD\ ORDGLQJV&OD\DJJORPHUDWHVZHUH
IRXQGLQZWVDPSOHV7HQVLOHDQGEHQGLQJWHVWVZHUHSHUIRUPHGRQ QDQRFRPSRVLWHVDVSHU$670VWDQGDUGV,W
ZDVIRXQGWKDWWKHKDUGQHVVRIWKHQDQRFRPSRVLWHVLQFUHDVHGZLWKLQFUHDVLQJQDQRFOD\FRQWHQW+RZHYHULWZDVDOVR
VHHQ WKDW WKHUHZDVDQRSWLPDO OLPLW7HQVLOH VWUHQJWKDQG IOH[XUDO VWUHQJWKRI WKHZWDQGZW FOD\FRQWHQW
VDPSOHV ZHUH LPSURYHG 7KH GXUDELOLW\ VWXGLHV ZHUH FRQGXFWHG RQ QDQRFRPSRVLWHV E\ H[SRVLQJ WR ZDWHU DQG
DONDOLQH PHGLXP IRU D SHULRG RI RQH PRQWK WKHQ HYDOXDWLQJ WKH PHFKDQLFDO SURSHUW\ GHJUDGDWLRQV 0HFKDQLFDO
SURSHUWLHVZHUHIRXQGWRGHJUDGH ZLWKLQFUHDVHLQWLPHZW*)53FRPSRVLWHVVKRZHGOHVVGHJUDGDWLRQDQGEHWWHU
SURSHUWLHVXQGHUDOOFRQGLWLRQVRYHUQHDWFRXQWHUSDUWV7KHZDWHUUHVLVWDQFHSURSHUW\RIHSR[\ZDVLPSURYHGE\WKH
DGGLWLRQRIERWKJODVVILEUHDQGQDQRFOD\ZKLFKLVPD\EHDWWULEXWHGWRWKHLQFUHDVLQJRIWKHWRUWXRVLW\SDWKIRUZDWHU
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